Background: It has been proposed that the prion, the infectious agent of transmissible spongiform encephalopathies, is PrPSc, a post-translationally modified form of the normal host protein PrPC. We showed previ-
INTRODUCTION
The transmissible agent causing spongiform encephalopathies, such as scrapie or bovine spongiform encephalopathy in animals or Creutz-with detergents (6, 13, 14) . It accumulates intracellularly in cytoplasmic vesicles (14) (15) (16) and is the major component of the extracellular amyloid plaques characteristic for prion diseases. No chemical differences have so far been detected between PrPSc and PrPc (17, 18) .
It has been proposed that PrPSc, when introduced into a normal cell, causes the conversion of PrPc or its precursor to PrPSc (3, 6, (19) (20) (21) . The conversion has been ascribed to a post-translational conformational modification resulting in a substantial increase in ,B-pleated sheet structure (22) . The existence of many different strains of scrapie that can be propagated in one and the same inbred mouse line and the apparent mutability of the agent (23, 24) still await a satisfactory explanation (25) .
The essential role of PrP for scrapie disease and prion propagation is supported by a series of seminal transgenetic experiments by Prusiner and his colleagues (for reviews, see 4, 20, 26) and by the demonstration in our laboratory (27, 28) that mice devoid of functional PrP genes are resistant to scrapie and do not propagate prions, an observation subsequently confirmed by others (29) ; Manson et al. (personal communication). It was also noted that mice heterozygous for the disrupted PrP gene (Prn-p01+ mice) showed a very much longer incubation time for scrapie than congenic wild-type animals (28, 29) . In this paper we report the unexpected finding that while in wild-type animals an increase in prion titer and PrPSc is followed within a few weeks by scrapie symptoms and death, heterozygous Prn-p01+ mice have levels of scrapie infectivity and PrPSc comparable to their terminally ill wild-type counterparts for many months prior to clinical disease and death.
MATERIALS AND METHODS

Animals
Prn-p+'+ mice were obtained from Prn-pol+ breeding pairs and identified by the polymerase chain reaction as described (32 Preparation of Brain Homogenates and Titration of Infectivity Ten percent (w/v) brain homogenates in 0.32 M sucrose were prepared by slowly passing the brains back and forth first through an 18-gauge and then a 22-gauge needle. Once the solution appeared homogeneous, it was spun for 10 min at 500 X g and the supernatant was diluted 10-fold in PBS-5% BSA to yield the inoculum. For the endpoint titration of the 50-week sample, 10-fold serial dilutions up to 10-8 were prepared in PBS-5% BSA. Of each dilution, 30 ,ul were injected intracerebrally into six Swiss CD-I mice, and the animals were monitored for scrapie symptoms as described above.
Histology
Mouse brains were fixed in PBS containing 4% formaldehyde for at least 24 hr, incubated for 60 min in concentrated formic acid (36), and washed with PBS. Coronal slices of approximately 2 mm were dehydrated through graded alcohols and embedded in paraffin. Sections of 3 ,um nominal thickness were stained with hematoxylin and eosin. Immunostains for glial fibrillary acidic protein (GFAP) were performed using a rabbit anti-GFAP antiserum (DAKO, Copenhagen, Denmark) at a dilution of 1:300. The secondary antibody was a biotinylated swine-antirabbit IgG serum at a working dilution of 1:250. Visualization was achieved using avidin-peroxidase (DAKO) and diaminobenzidine (Sigma). Slices were mounted in Entellan (Merck).
Western Blot Analysis of PrP in Brain Homogenates Brain homogenates (10% w/v) were adjusted to 8 mg/ml of protein (BCA assay according to shown) or with antisera to glial fibrillary acidic protein (GFAP; Fig. 5 ).
The characteristic hallmarks of mouse scrapie, i.e., spongiosis and astrogliosis, were obvious in sections from both Prn-p01+ and Prn-p+'+ mice sacrificed after the onset of clinical symptoms. A pronounced astroglial reaction, as demonstrated by enhanced GFAP immunoreactivity, preceded the appearance of spongiosis and was seen earliest and most prominently within the hippocampal formation (data not shown) as well as in the thalamus (Figs. 5B, 5D , 5F, and 5H). Astrogliosis was also evident within the cortical ribbon, where it first involved only small clusters of astrocytes predominantly in the deep cortical layers and later affected the cortex in its entire thickness (Figs. 5A, 5C , 5E, and 5G). Focal destruction of the cerebral parenchyme and severe neuronal loss, as is seen in human spongiform encephalopathies and sometimes also in scrapieinfected mice carrying multiple copies of the hamster Prn-p gene, were not observed in Prnp°/+ mice even at very late time points.
The extent of gliosis and status spongiosus in Prn-p01+ and Prn-p+1+ mice was evaluated qualitatively (Table 2 ). These parameters showed some variation between animals belonging to the same experimental group and sacrificed at the same time after infection. However, histological evaluation of groups of four mice at 12, 16, 20, and 24 
